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ABSTRACT

An experimental investigation was conducted in the NASA/Langley Research

Center 8-foot Transonic Pressure Tunnel to obtain Orbiter/ET attach

structure loads and to determine the effect of Reynolds Number on elevon

hinge moments. Tests were conducted from April 25, 1977 to June i, 1977

using a 0.010 scale model of the Space Shuttle Integrated Vehicle. This

test was designated IA244 and occupied the test facility for 52 hours.

Three model support configurations were used to accomplish the test objec-

tives. The first configuration used a single sting and balance mounted

to the orbiter. The ET and SRB's where attached to the orbiter and the

balance measured loads on the complete vehicle. The second configura-

tion had the ET and SRB's mounted on a separate twin-sting arrangement

with the 0rbiter/ET attach structure attached to the orbiter but not the

tank. The third configuration was identical to the second except the

attach structure was attached to the tank only.
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ABSTRACT(Concluded)

Testing was conducted at Machnumbers from 0.6 to 1.195 with the model at

angles of attack from -8° to 4° and angles of sideslip from -6° to 6° .

The inboard elevons were set as required by the flight profile (Mach

dependent) and the outboard elevons were fixed. Reynolds numbervaried

from 2.0 x 106/ft to 4.0 x 106/ft.
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INTRODUCTION

Tests were conducted betweenApril 25, 1977 and June i, 1977 at the NASA/

Langley Research Center 8-foot Transonic Pressure Tunnel on a O.010-

scale model of the Space Shuttle Integrated Vehicle (model 72-0TS). This

test was designated IA244 and used 52 hours of tunnel occupancy time.

The purpose of these tests was to determine the loads on the orbiter/ET

attach structures and the effects of these structures on the orbiter

loads, and to determine the effect of Reynolds number on the elevon

hinge moments. Hinge momentdata from tests IA93 and IA135 were compared

to data from this test. The wing metric gap was run sealed and unsealed

to determine the effect of the gap on the attach structure loads. Wing

loads were measuredwhen the gap was unsealed and sealed.

Tests were conducted at Machnumbersof 0.6, 0.8, 0.9, 0.95, 1.15 and

1.195 with the model at angles of attack from -8° to 4° and angles of

sideslip from -6 ° to 6° . Inboard elevon settings were varied from 8° to

12° as a function of Machnumber. The outboard elevons remained at 4°

for the entire test.

The orbiter was mounted in the tunnel with a single sting and 6-compon-

ent balance through the orbiter base. The ET and SRB's were attached to

the orbiter for part of the test (Configuration 3 in run schedule) and

on a separate double-sting system for the remainder of the test. The



INTRODUCTION(Concluded)

orbiter/ET attach structure was attached to the orbiter but not the ET

(Configuration 4) or to the ET and not the orbiter (Configuration 5).

An additional configuration was run (Configuration 6) in which the _o_e]

was mounted on a single sting as in Configuration 3 above, but dummy

stings were installed in the proximity of the ET and SRBbases. This

configuration was to verify IA144 and IA135 data. See Figure 3 for

explanation of configuration numbers.



NOMENCLATURE

SYMBOL

CAF

CAU

CBL

CLMF

CLMU

CNF

CNU

CY

CYNF

CYN

MNEMONIC

CAF

CAU

CBL

CLMF

CLMU

CNF

CNU

CY

CYNF

CYN

CL CL

CD CD

L/D L/D

M MACH

PT PT

P P

Q,q Q(PSF)

Re x 10-6 RN/L

TT TTF

DEFINITION

Forebody axial force coefficient

Uncorrected axial force coefficient

Rolling moment coefficient

Forebody pitching moment coefficient

Uncorrected pitching moment coefficient

Forebody normal force coefficient

Uncorrected normal force coefficient

Forebody side force coefficient

Forebody yawing moment coefficient

Total yawing moment coefficient

Stability-Axis System

Lift coefficient LIFT/qS

Drag coefficient DRAG/qS

Lift-to-drag ratio; CL/C D

Tunnel Parameters

Freestream Mach number

Freestream total pressure, psfa

Freestream static pressure, psfa

Freestream dynamic pressure, psfa

Reynolds number per foot

Freestream total temperature, OF



SYMBOL

Chei

Che o

AI+7

ACO

_BF

BREF

CE

ET

HL

LI+ 2

MNEMONIC

ALPHA

BETA

CBW

CNW

CTW

CHEI

CHEO

BDFLAP

NOMENCLATURE (Continued)

DEFINITION

Test Parameters

Launch vehicle angle-of-attack, degrees

Launch vehicle sideslip angle, degrees

Wing Coefficients

Bending moment coefficient

Normal force coefficient

Torsion coefficient

Elevon Coefficients

Inboard elevon hinge moment coefficient

Outboard elevon hinge moment coefficient

Model Geometric Nomenclature

Model base areas, ft 2

Orbiter sting cavity area, ft 2

Body flap deflection, deg.

Wing span, in.

Elevon, reference chord, in.

Cemterline

External tank

Hinge line

Base correction moment arms, in.
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SYMBOL

LREF

MAC

MRC

SE

6SB

SRB

SREF

6R

XB

XO

XT

Xo/Lo

Yo

YS

Zo

6eI

_e 0

BW

CABLS

MNEMONIC

SPDBRK

RUDDER

ELV-IB

ELV-OB

NOMENCLATURE (Continued)

DEFINITION

Reference length, in.

Mean aerodynamic chord, in.

Moment reference center

Elevon reference chord, in.

Speed brake deflection, deg.

Solid rocket booster

Wing reference area, ft2

Rudder deflection, deg.

SRB station, in.

Orbiter station, in.

External tank station, in.

Ratio of a station on the orbiter to the orbiter

length

Lateral station on the orbiter, positive to the

right of the plane of symmetry (See Figure 2b)

SRB base correction momentum, in.

Orbiter water line (Figures 2a and 2b)

Inboard elevon deflection angle, degrees (see

Figure ib)

Outboard elevon deflection anBle , degrees (see

Figure ib)

Terms Used in Data Reduction

Wing bending moment about Yol05, in-lbs.

base axial-force coefficient (left SRB)



SYMBOL

CABO

CABRS

CABT

CLMBO

CNBO

CP i

CYNBRS

HEI

HEO

K81

K8 o

NW

TW

NOMENCLATURE (Concluded)

MNEMONIC DEFINITION

Terms Used in Data Reduction (Continued)

orbiter base axial force coefficient

base axial force coefficient (right SRB)

external tank base axial force coefficient

orbiter base pitching moment coefficient

orbiter base normal force coefficient

CP(i) pressure coefficient base pressure i

base yawing moment coefficient (right SRB)

inboard elevon hinge moment, in-lbs

outboard elevon hinge moment, in-lbs

inboard elevon deflection constant, deg/in-lb

outboard elevon deflection constant, deg/in-lb

wing normal force, ibs.

wing torsion moment about Xo1307, in-lbs.



REMARKS

Test IA244 was a continuation of test IA144 which took place in the

AmesResearch Center Ii x ii Foot Transonic Tunnel. IA144 was terminated

prior to accomplishing all its objectives due to scheduling problems.

The remaining objectives, consisting largely of determining the ET/

Orbiter attach structure loads, were accomplished during IA244. Data

were also taken, redundant to IA144, on total launch vehicle forces and

moments,wing bending and torsion, elevon hinge moments, and the effects

of dummySRBstings.

Base pressure data were taken on only one SRB. That data was used to

derive the base pressures for the opposite SRB. In order to makea pro-

per substitution the data were interpolated to obtain compatable posi-

tive and negative angles of sideslip. Therefore, the total launch

vehicle force and momentforebody data is presented in the interpolated

form, and carry the first letter O in the dataset identifier.



CONFIGURATIONS INVESTIGATED

The model for the NASA/LaRC 8-foot Transonic Pressure Tunnel test period

was an .OlO-scale replica of the Rockwell International first stage

space shuttle vehicle consisting of orbiter, external oxygen/hydrogen

tank (ET), and two solid rocket boosters (SRB's).

The basic orbiter was in accord with Rockwell International drawing

VC70-000140C lines with the substitution of blunter VL70-08410 and

VL70-8401 Orbital Maneuvering System (OMS) pods on the upper sidewalls

of the fuselage afterbody and the elimination of the drag chute fairinB

from the vertical tail, reverting to the prior drawing, VL70-O00146A.

The fuselage was built to VL70-0OOI40A lines, but the difference between

this and the VL70-000140C is in the cut of the base region only, and the

two are aerodynamically similar.

The spacecraft is of blended wing body design with a double delta plan-

form (81°/45°ALE) 12% thick wing and full span elevons with six inch

gaps between the independently deflectable inner and outer panels. A

single swept (ALE V = 45 °) centerline vertical tail with rudder and/or

speedbrake capability is mounted between two OMS pods, and a single body

flap to aid trim control during reentry from orbit is fitted on the

lower trailing edge of the fuselage. The rudder, speedbrake and body

flap are not deflectable on this model and are preset to 0°. Unshielded

Reaction Control System (RCS) thrusters are provided in the nose and on

the rear of the OMS pods.
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CONFIGURATIONSINVESTIGATED(Continued)

The orbiter configuration is shownin Figure 2a.

The External Tank is in accord with Rockwell International drawing

VC78-000002 for general configuration and is built to the outside skin

line, with the spray-on foam insulation (SOFI). It is 333" cylindrical

cross section with a biconic liquid oxygen vent valve housing on the

front of the 612" tangent ogive nose. The longeron hat stiffness sec-

tions between the oxygen and hydrogen portions of the tank are not simu-

lated.

This tank is the same article as tested in series IA93, with no change

in protuberances, lines and fairings. A scaled front and rear orbiter/

ET attach strut is used. The general arrangement of the External Tank

is shown in Figure 2b.

The Solid Rocket Boosters are modified to conform to Rockwell Interna-

tional drawing ICD 2-000001B. The SRB's are of 146" diameter cylindri-

cal cross section with an 18° conical nose with a spherical leading edge.

A 20 ° flared base with load-bearing stiffners is provided to support the

entire vehicle on the launch pad and to shield the rocket motor nozzle.

The SRB's are the same or identical, depending on sting configuration

articles as tested in IA93, with the same separation motors, conduits

and fairings. The general layout of the SRB's is shown in Figure 2c.
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CONFIGURATIONSINVESTIGATED(Continued)

The orbiter was fabricated with the 7076-T6 aluminum fuselage as the

principal structure, with the aluminum OMSpods, aluminum vertical tail

and Armco steel wing appended thereto.

The wings were originally designed for and used on Model 75-0, a plume

model. They were fitted to the 72-0 fuselage. The right hand wing was

madewith the panel integral with a three componentstrain gauged beam

to allow root bending moment, root torsion momentand panel normal force

to be measured.

The left hand wing panel was rigidly attached to the fuselage of the

orbiter, but was provided with plain bearing hinged deflectable elevon

with the inner and outer panels supported in torsion by individual strain

gauged beamsto allow elevon hinge momentsto be obtained. The elevon

was madewith a cylindrical section lower gap and a conical section

upper gap with centerlines on the elevon hingeline so that the elevon

gap will remain constant with deflection. No attempt was made to simu-

late the elevon flipper doors. The elevon-deflections were individually

set by discrete brackets which attach to the elevon panel and the gauged

beamwith a .066" square pin through the bracket and the beam, with the

angle of the square hole in the bracket determining the deflection.
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CONFIGURATIONSINVESTIGATED(Continued)

To provide similar model aeroelastic characteristics on both wings, the

elevon arrangement on the right hand wing was identical to the left hand,

but the beams were not gauged.

Interstage attach hardware could be mounted on the bottom of the orbiter.

Off blocks were provided for when the attach hardware was mounted on the

ET.

The External Tank was formed of four major aluminum pieces, to which

are attached the external plumbing and protuberances. The biconic

nose was secured from within. The shell was supported from the two SRB's

on configurations 4 and 5. Two pockets were milled in the shell (fore

and aft) on each side in which the SRB attach hardware is mounted.

Dummy interstage hardware to the orbiter was provided, along with off

blocks to fit the pockets.

The SRB's provided were made of aluminum alloy with aluminum, solder,

and Armco protuberances. The protuberances are not removable. The

SRB's were supported through the base and sting mounted on the internal

balance block.

The integrated vehicle geometry is shown in figure 2b. The model was

mounted upright in the tunnel as shown in figures 3a and 3b. Photo-

graphs of the model in the tunnel are shown in figures 5a through 5c.

13



CONFIGURATIONSINVESTIGATED(Continued)

The following nomenclature was used to designate the model components:

Component

O

B70

C9

FIO

MI6

N89

W127

E52

V8

R5

T

T35

FLI0

FL11

PT29

PT23

PT25

PT26

Description

140 A/B/C/R Orbiter.

Orbiter Fuselage, per VL70-000193, -O00140A, VL70-OO014OB.

Canopy, per VL70-OOOI4OA, VL70-OOOI43A. _:

Bodyflap per VL70-OOOI4OB, VL70-O00200.

OMS Pods, per VL70-000203, VL70-008401, VL70-008410.

OMS Nozzles, per VL70-008401.

Wing, per VL70-O00140C, VLT0-0002OOB.

Elevons, VL70-000203, VL70-O00140C.

Vertical tail, per VL70-OO014OA, VL70-000146A.

Rudder, per VL70-000095.

Modified Vehicle-5, External Tank

Modified Vehicle-5, External Tank Body.

LH 2 feedline per VL78-000063, VL78-O00062B, VC78-000002.

LO 2 feedline per VL78-000063, VL78-000062B, VC78-000002.

Forward electrical line per VL78-000063, VC78-00002.

LO 2 recirculation line per VL78-000063, VL78-OO0062B,
Martin-Marietta 82600207000, VC78-000002.

Aft electrical line per VL78-000063, VL78-OO0062B,

Martin-Marietta 82600207000, VC78-000002.

LO 2 pressure line, per VL78-000063, VL78-OOO062B,
Martin-Marietta 82600207000

14



Component

PT29

PT33

AT28

ATI31

AT30

AT31

AT130

FRI0

PT39

S

$24

NI06

PS20

PS26

PS33

PS35

PS23

PS28

PS29

PS36

CONFIGURATIONS INVESTIGATED (Continued)

Description

Electrical conduit, per ICD-2-00001, Rev. B.

LH pressure llne per ICD-2-O0001, Rev. B.

Attach structu=e, per VL78-000063, VL78-000062B.

Attach structure, per ICD-2-O0001, Rev. B.

:i,i

Attach structure, per VL78-000066, 82600207000_

VC78-000002.

Attach structure, per VL78-000063, VL78-000062B,

VL78-000066, VC78-000002.

Forward O/T attach structure, per ICD-2-00001, Rev. B.

Fairing, per VL78-000063, VL78-OO0062B, Martin-Marietta

82600207000, VC78-00002.

ET nose probe, per ICD-2-00001, Rev. B.

Modified vehicle -5 Solid Rocket Boosters.

Modified Vehicle -5 Solid Rocket Booster Body.

SRB nozzles, per VL77-000066, VC77-000002A.

Electrical tunnel, per ICD-2-0001, Rev. B.

Aft attach ring, SRB, per ICD-2-00001, Rev. B.

Three Intermediate Structural Rings, per ICD-2-00001,

Rev. B.

Aft structural ring, per ICD-2-O0001, Rev. B.

Forward separation motors, per ICD-2-00001, Rev. A.

Aft Separation Motor Fairing, per ICD-2-00001, Rev. B.

Tiedown struts, per ICD-2-O0001, Rev. B.

Aft separation motors, per ICD-2-00001, Rev. B.
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CONFIGURATIONSINVESTIGATED(Continued)

Component

PSi4

PS32

PS31

PS30

PS27

FRI4

FRI5

FRI6

FRI7

FRI8

FRI9

Description

Aft cable housing, per ICD-2-O0001, Rev. B

Data capsule and camera, SRB.

Command antennae, SRB.

APU exhaust outlets, SRB.

SRM nozzle actuator struts.

ET nose cable fairing.

ET nose fairing for PT39.

LO 2 feedline (FLII) fairing.

LO 2 antigeyser-line (PT23) fairing.

Aft electrical-conduit (PT25) fairing

LH pressure-line (PT33) fairing.

All of the above model components were used at all times during the

test. On the run schedule the following nomenclature was used to iden-

tify the method of model mounting and sting arrangement.

O1

O2

T1

T2

Orbiter with Orbiter/ET attach hardware attached to

orbiter

Orbiter with Orbiter/ET attach hardware removed and

mounting surfaces covered with off blocks

External Tank with attach structures

External Tank without attachstructures

SRB

16



CONFIGURATIONSINVESTIGATED(Concluded)

Sting i

Sting 3

Open

Sealed

Conf

One sting supporting orbiter. ET and SRB's attached to

orbiter.

One sting supporting orbiter. Twin stings supporting

SRBs with ET supported between them.

Wing metric gap left unsealed.

Wing metric gap sealed with tape.

Configuration numbers as defined in figure 3.

17



INSTRUMENTATION

The 72-0TSmodel employed during this test program was outfitted for

measurementof the left-hand inboard and outboard elevon hing_ _o ents.

right hand wing-root bending and torsion momentsand shear force, total

vehicle six-component force and moments, and base and sting-cavity

pressures.

Strain-gauge instrumentation was used to obtain the elevon and wing-

panel data. The LRC#840 balance, installed in the orbiter, was employed

for forces and moments. Separate differential pressure transducers

were used to measurethe seven (7) base and sting-cavity pressures,

distributed on the orbiter, external tank, and left-hand solid rocket

booster.

Figure 2e shows the base pressure tap locations and manifolding.

The types of balances utilized, the model forces and momentscalculated

from their measurementsare given below:

Bal. Location
& Approx. Bal.

Center

Orbiter
XT 18.177
YT
ZT 7.265

Balance Type

6 components

LaRC #840

Model Forces & Moments

Measured or

Calculated

Launch Vehicle or Orbiter normal

force, side force, axial force,

pitching moment, yawing moment,

and rolling moment.

18



Bal. Location
& Approx. Bal.

Center

Wing

Inboard Elevon

Outboard Elevon

INSTRUMENTATION(Concluded)

Balance Type

3-components

Model Forces & Moments

Measured or

Calculated

Normal force, bending moment, &
torsion.

1-component

1-component

Inboard elevon hinge moment.

Outboard elevon hinge moment.

19



TEST FACILITY DESCRIPTION

NASA/Langley Research Center 8-foot Transonic Pressure Tunnel is

an air-medium facility capable of attaining continuously variable

Mach numbers from 0.20 to 1.30. It is a single-return, closed-

circuit _L_lel havin_ controlled stagnation temperature, total

pressure and dew-point temperature. The test section is 7.1 feet

square. Reynolds numbers are variable from 0.30 x 106/ft to

7.0 x 106/ft., depending on Mach number and tunnel total pressure

limitations. Models are supported in the test section by a

sting-sector system, but wall-mounting is possible. Schlieren

photography is available for flow and shock-wave studies.
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DATAREDUCTION

Standard force data is presented in non-dimensional coefficient form in

the body and stability axis systems about a point on the centerline of

the external tank and even with the orbiter nose. Figure 4 shows the

moment transfer distances.

Full-scale dimensions of the moment reference centers are as follows:

Total Vehicle:

Orbiter:

Left Wing:

Right Elevons:

X T = 976, YT = 0, ZT = 400

X T = 976, YT = 0, ZT = 400

Xo = 1307, Yo = 105

Hinge L_ne at X= 1387

Pressure coefficients required for base pressure adjustment were com-

puted as follows:

Manifolding of base pressures

PB i - Po
CPi -

q

where PBi = Base pressures I_7 as shown in figure 2e

and CPi is the pressure coefficient for pressure taPi. Base

pressure adjustments to the force and moment coefficients were

computed as follows:

21



DATAREDUCTION(Continued)

Base Pressure Corrections for the Orbiter

F" 7

CNBO = -i tan 14.75 ° I(CPI)(AI) + (CP4)(ACO)I + (CP2)(A2)
SREF [ ]

CABO- SREF (CP1)(A1) + (CP3)(A3) + (CP4)(aco)

-i (LI) tan 14 75° [(CPI)(AI) + (CP4)(ACO)]CLMBO = (SREF) (LREF)
L.

+ (e2) (CP2) (A2) + ZI I (CPI) (AI) + (CP3) (A3)
L_

+ (CP4) (ACO)]

Base Pressure Corrections for the External Tank

ii iCABT = _ (CP7) (A7) + (CP6) (A6)

Base Pressure Corrections for the Left SRB

CABLS -
-i [(CP5) (A5)]SREF

{ YS

CYNBLS = - _BREFJ (CABLS)

Base Pressure Corrections for the Risht SRB

CABRS -- CABLS

Opposite B

These adjustments were applied to the measured force and moment coeffi-

cients to give forebody coefficients.

22



DATAREDUCTION(Continued)

Forebody Coefficients for the Launch Vehicle (Orbiter Balance):

Note:*

CNF

CAF

CLMF

CY

= CNU - CNBO

= CAU - CABO - CABT = CABLS - CABRS

= CLMU - CLMBO

= CY

CYNF = CYN - CYNBLS - CYNBRS

CBL = CBL

*applies to data set OKE019 through OKE036 only.

Tabulated Data Coefficient Schedules

Source Data

RKE001+36

MACH ALPHA CNU CAU CLMU CBL CYN CY CL CD L/D BETA

SKE001+36

MACH ALPHA CPI CP2 CP3 CP4 CP5 CP6 CP7 CHEOVCHEI Q(PSF)

TKE001_36

MACH ALPHA CNW CBW CTW

Interpolated Data

OKE019_36

MACH ALPHA CY CYNF CBL CAF CNF CLMF
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DATAREDUCTION(Continued)

The panel loads were reduced to force and momentcoefficients in the fol-

lowing manner:

Wing Bending and Torsion:

CNW: NWiI(Q)(SREF)]

CBW : BW/ [(Q) (SRE F) (BREF) ]

CTW = TW/ [ (Q) (SREF(MAC) ]

wher e :

Q (PSF) Tunnel Dynamic Pressure

SREF

BREF

MAC

NW

BW

TW

= 0.2690 ft 2, wing ref. area

= 9.3668 in., wing bending ref. length

= 4_748 in., mean aerodynamic chord (MAC)

= wing normal force

= wing bending moment about Yo = 105

= wing torsion moment about Yo = 1307

Elevon Hinge Moments:

Compute the inboard and outboard elevon hinge moment coefficient as

follows:

CHEI = HEI/(Q)(S E)(C E)

CHEO = HEO/(Q) (SE) (CE)

24



DATAREDUCTION(Continued)

where: HEI = Inboard elevon hinge moment, inch-pounds

HEO= Outboard elevon hinge moment, inch-pounds

Q = Dynamicpressure, psf

SE = 0.0210 ft 2, elevon ref. area

CE = 0.907 in., elevon ref. chord

The presented elevon deflections on the data were adjusted for aero-

elastic load,

_el = _el I No + (HEI) K_I
Load

= ELV-IB

6e° = _e° I No + (HEO) K60
Load

= ELV-OB

where K61, K60 = the deflection constants in deg/in.lbf, as presented

in table III.

Data Reduction Constants

Symbol Valve_ Model Scale

AI 0.01474 ft 2

A2 0.01430 ft 2

A3 0.012262 ft2

ACO 0.0167 ft 2

A5 0.02408 ft 2

Description

Base Area #I (Orbiter)

Base Area #2 (Projected Body Flap)

Base Area #3 (OMS Pods)

Orbiter Cavity Area

SRB base area
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DATAREDUCTION(Concluded)

Symbol

Ab

A7

CE

ZI

LREF

L2

LI

SE

SREF

YS

MAC

Valve, Model Scale

0.057456 ft 2

0.003024 ft 2

12.630"

0.0210 ft 2

0.2690 ft 2

2.505"

4. 748 in.

Description

95% of Base Area of the External Tank

(all but the center)

5% of the Base Area of the External

Tank (center)

ElevonReference Chord

Vertical Moment Arm of total Orbiter

Base Area to the Integrated Vehicle

Moment Reference Center

Reference Length

Horizontal Moment Arm of the Body

Flap to the Integrated Vehicle Moment
Reference Center

Horizontal Moment Arm of the Orbiter

Base to the Integrated Vehicle Moment

Reference Center

Elevon Reference Area

Wing Reference Area

Lateral Transfer distance from SRB

Base to Integrated Vehicle Moment

Reference Center

Mean Aerodynamic Chord
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TABLE I

i

TEST : IA244 I DATE : POST TEST
|

TEST CONDITIONS

REYNOLDSNUMBER DYNAMIC PRESSURE :STAGNATIONTEMPERATURE

MACH NUMBER (per unit length) (pounds/sq, ft) (degreesFahrenheit)

0.60 2.0 280

3.0 418

3.2 418

4.0 557

0.80 3.6 600
IL

0.90 2.0 356

3.0 534

3.4 600

4.0 710

0.95 3.3 599

1.15 2.0 432

2.9 598

3.0 647

4.0 863

i. 195 2.9 600

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

LaRC #840 balance

CAPACITY:

800#

250#

125#

in-lbs 1600

in-lbs 500

in-%bs 500

COEFFICIENT
ACCURACY: .TOLERANCE:

COMMENTS:

II il
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TABLE III

ELEVON DEFLECTION CONSTANTS

_e

NOMINAL

-i0

- 5

0

2

4

8

9

i0

12

14

8el

m

0

4.00

7.53

9.66

11.54

AVERAGE

8eo

-9.57

-4.37

0

2.81

4.50

10.17

15.12

(LEFT)

8e I

MEASURED

0

4.00

7.67

i0.20

12.08

8eo

-9.54

-4.72

0

3.65

5.04

10.44

15.78

K81

(+)

(-)

.47513

.20625

DEG/IN-LB

I!

K8 0

(+)

(-)

.36667

.18333
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b. Control Surface Deflections
Figure i. Continued
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c. Definition _f Wing Coefficients

Figure i. Concluded
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9

I

ELEMENT TAP MANIFOLDING

ORBITER

LH SRB

ET '_

RH SRB

CAVITY

PBI = i + 2+ 3, PB2 = 4a + 4b + 4c, PB3 = 5 + 6

PB5 = 7 + 8 + 9 + i0 + ii

PB6 = 12 + 13 + 14 + 15 + 16, PB7 =17

Use PB5 from LH SRB for opposite 8

PB4

ee Base Pressure Tap Layout

Figure 2. Concluded
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t

a. Configurations 4 and 5

Figure 3. Test Configurations
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b. Configurations 3 and 6

Figure 3. Concluded
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APPENDIX

TABULATED FORCE DATA

Source Data

Data Set ist

Character

R

S

T

Page

1-54

55-108

109-162

Interpolated Data

O

Page

163-180
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